In the last decade, Persistent Scatterer Interferometry (PSI) and SAR tomography (TomoSAR) have been used for reconstructing the elevation profile of a scene, starting from a set of co-registered Synthetic Aperture Radar (SAR) images. The possible advantage of TomoSAR over classical interferometric methods consists in the potential capability of improving the detection of single scatterers presenting stable proprieties over time (Persistent Scatterers or PS), as well as to enable the detection of multiple scatterers interfering within the same range-azimuth resolution cell. In urban environment, when only single dominant scatterers are present in each range-azimuth resolution cell, both methods can be exploited to estimate the altitude, deformation rate and thermal expansion of a subset of reliable scatterers, which are selected on the basis of different criteria. This paper is focused on a performance analysis of the two class of methods, using the results obtained in urban environment on simulated and real TerraSAR-X data. A concise description of both techniques, along with a discussion on their potential capabilities in selecting the most reliable scatterers, is given.
INTRODUCTION
The Earth monitoring capability of SAR sensors [1] has been increased substantially with the improvement in the spatial resolution along range and azimuth coordinates. With the evolution in the sensor's capabilities, the demand to boost the accuracy in the three dimensional (3D) localization of the scatterers and their density, without compromising the computational cost, is quite challenging. A renowned technique for Earth monitoring is Persistent Scatterer Interferometry [2, 3] . Being based on a phase-only model [4, 5] , the method is well adopted in estimating the deformation velocity maps, thermal maps and residual topographic error (RTE). PSI techniques usually select the scatterers on the basis of coherence values in the stack of interferometric images. An extended model [6] qualifies the pixels on the basis of amplitude dispersion and separates the RTE, velocity and thermal contributions from the total observed deformation. TomoSAR [7] is a multidimensional imaging technique that has proven its ability in localizing the scatterers, reconstructing the structures and analyzing the displacements and thermal contributions. SAR tomography utilizes a stack of complex-valued images to discriminate the superimposed scatterers in the same range-azimuth cell by synthesizing an elevation aperture to reconstruct a full 3D reflectivity profile along azimuth, range and elevation. The common problem faced in SAR tomography is the selection of the reliable scatterers and the outlier avoidance [8] . To this end, different Generalized Likelihood Ratio Tests [9, 10] have been introduced. These methods follow a Constant False Alarm Rate (CFAR) approach, by fixing the probability of false alarm to a given value, in such a way to mitigate the outlier occurrence. With the advent of new generation of high resolution SAR sensors, for instance TerraSAR-X [11] , with short wavelength of about ∼3.1 cm, the sensitivity towards the deformation is further increased, which is a boon to PSI and TomoSAR techniques for a better reconstruction and estimation. In urban environment, when only single dominant scatterers are present in each range-azimuth resolution cell, both methods can be exploited to estimate the altitude, deformation rate and thermal expansion of a subset of reliable scatterers, which are selected on the basis of different criteria. In this paper, the detection of single scatterers for reconstruction using the extended PSI model [6] and the TomoSAR Fast-Sup-GLRT [10] will be presented. 0 , where k 0 represents the phase-to temperature sensitivity, which would tend to vary for each resolution cell (depending upon material and/or physical structure). PSI techniques [5, 6] model the phase ϕm of the received signal at the m-th interferogram, in a generic image pixel as:
PERSISTENT SCATTERER INTERFEROMETRY
where is the operating wavelength, R 0 the distance between the image pixel and the reference antenna, and w m the phase noise contribution. Only those pixels that have a good interferometric phase quality, usually in terms of the amplitude dispersion criterion [6] , over the whole set of M-1 interferograms, are selected from this stack. The selected pixels are then connected by edges, computing the phase difference of each edge and getting a vector of differential interferometric wrapped phases. Given an edge, the unknown elevation, deformation and thermal dilation are estimated using a periodogram approach [12] . By integrating the unknowns over the whole set of edges that connects the PS, elevation map, deformation map and thermal map are obtained.
SAR TOMOGRAPHY
In contrast to classic PSI phase-only model, SAR tomography techniques [9] exploit both the amplitude and the phase information contained in the received signal
, that can be modeled as:
where V 1 and K 1 are the range of values of v and k, and where S B , t B and T B are the overall baseline, time and temperature spans of the measured data, respectively. The discretized model is: . (5) In order to detect a single scatterer and to estimate its unknown elevation, deformation and thermal dilation, a GLRT (Generalized Likelihood Ratio Test) approach can be used. The detection problem in [9] is formulated in terms of K max +1 statistical hypothesis. We restrict our assumption to the presence of only single scatterers (K max =1) in the same range-azimuth resolution cell. Then, we have the following statistical hypothesis H 0 : absence of scatterers, H 1 : presence of a single scatterer.
The Fast-Sup-GLRT Detector [10] , based on GLRT [13] , when K max =1, applies the following binary test:
Where I is the M×M identity matrix, and H denotes the Hermitian. The threshold 1 T  can be derived by using Monte Carlo simulation and following a CFAR approach, consisting in setting 1 T  in such a way to obtain an assigned probability of false alarm
A summary of the two approaches, PSI and Fast-Sup-GLRT, is shown in table I. 
EXPERIMENTAL RESULTS
A comparison of the two approaches has been conducted on real TerraSAR-X data (see Table 2 for system parameters). We considered 28 TerraSAR-X images whose spatial and temporal baselines and temperaturesare reported in Fig. 1 , where the distribution of the spatial baselines (orthogonal component) vs. the temporal baselines, and of the temperature values vs. the temporal baselines are shown. The average air temperature for each image was used. The total spatial baselines span is about 506 m, thus the Rayleigh resolution in elevation is 18.9 m, the total temporal span is 1.89 years, and the temperature value range is 22 o C. In Fig.  1 it can be seen that the two conditions specified in [6, 14] , that the observed period has to be as large as possible, and that it is important to minimize the correlation between spatial baselines (orthogonal component), temporal baselines and temperature values, are satisfied. The slant range resolution is 1.2 m, the resolution in azimuth is 3.3 m. In case of the Fast-Sup-GLRT the thresholds have been computed by Monte Carlo simulation for the considered system parameters (Table 2) , fixing P FA =10 -3 , the oversampling factor is  s 3, thus the achieved resolution in elevation is 6.3 m and in height 3.1 m. The two detectors were tested on the urban area of Barcelona, Spain, where the twin towers Mapfre and Arts Hotel, with the maximum height 154 m, are located. The Arts Hotel Tower is surrounded by an external perimeter structure completely in steel, so we expect a high sensitivity to temperature changes. In Fig. 2 the SAR intensity images of test site is presented. In Fig. 3 the scatterers detected by the PSI approach and the Fast-Sup-GLRT, on a 3D Google Earth optical image, are respectively shown in (a) and (b). In Fig.  4 we present the average deformation velocity map, estimated by the PSI approach and the Fast-Sup-GLRT, respectively shown in (a) and (b). In Fig. 5 we present the thermal map, estimated by the PSI approach and the FastSup-GLRT, respectively shown in (a) and (b).
In Table 3 we report the total number of single scatterers detected with the two approaches and the total number of common points, showing that Fast-Sup-GLRT, with a fixed P FA =10 -3 , is able to detect more scatterers than the PSI technique, and that not all the scatterers detected using the PSI technique are detected by Fast-Sup-GLRT. For performing a quantitative analysis of the height estimation differences, we considered the set of the scatterers, jointly detected by the two algorithms and evaluated the mean and the standard deviation of the differences among the estimated values of the elevation and thermal dilation (reported in Table 4 ). These results reveal that the two approaches, with the considered parameters, achieve a comparable results, since the dispersion of the estimation differences is enough small, but Fast-Sup-GLRT is able to detect a higher number of scatterers. 
